Highly granular YBaCuO films on SrTlO, substrates wlth T,,,-90K and J,>lO' A/cm2 were prepared by non-vacuum aerosol deposition. The optical response for these films was investigated on a 10 x 10 pm2 mlcrobrldge. Besides a bolometrlc response around the transition temperature, a sharp response peak was observed at low temperature and high bias current using a He-Ne laser (0.63pm wavelength) lllwnlnatlon. This response was caused by a junction behavlour due to the presence of many boundary-type weak links in our mlcrobridge.
INTRODUCTION
One of the most promising applications of superconducting thin films is the optical detector because of its broad detective range (visible and infrared), high sensitivity and very short response time in the order of lo-lo seconds.
This attractive research started with the pioneer work on granular BaPbBlO films'. Hence, since the discovery of a new class of high T, superconductors, research on the optical detection, especially for vacuum-deposited films, has been carried out by a number of groups 2-9 . However, so far the investigation is still in the initial stage. Conclusions about the occurrence of non-equilibrlum3-5 (non-bolometrlc) or bolometric effects 7.6 are, in our opinion, closely related to the presence of internal junctions (or weak links) of the films.
Recently a junction behaviour (an abrupt voltage jump) in the I-V curve has been observed in granular YBaCuO films prepared by non-vacuum aerosol depositionl'. One of the advantages of the aerosol process is that it is possible to fabricate granular films with fine stoichlometric grains, having dimensions in the order of 200 nm, which are separated by their boundaries, whereby an ideal grain-boundary-grain structure can be obtained. This junction behavlour is not only observed in the I-V curve but can also be found in the optical response.
A sharp response peak due to the above-mentioned junction behaviour will be reported in this paper.
In principle, there are two kinds of response modes. One of which is the non-equilibrium mode. When light (energy h@l is absorbed by a superconducting film, the Cooper pairs are broken up and excess quasiparticles are excited.
The increase in quasiparticles induces a non-equilibrium state in the superconductor and results in a decrease in the energy gap Al. A voltage change due 11 to a drop in the critical current can then be detected . The other is a bolometric mode, by which the optical illumination only acts as a normal heater increasing the temperature in the detective area. When the film temperature is in the vicinity of the transition temperature, the resistance will change with the light illumination. In the bolometric mode the induced voltage change AV (response) is proportional to dR/dT. Because the thermal diffusion time is much longer than the recombination time of the non-equilibrium effect, it is impossible to develop a high-speed detector by use of the bolometric mode.
Taking into account the grain-boundary-grain structure in our case, it is very difficult to discriminate between both modes. The reason is that the boundary barrier acting as a normal metal (boundary-type weak link) will present a dynamic resistance during transition. This dynamic resistance AR, which is different from the normal resistance Rx. varies with bias currents and temperatures, and directly influences the dR/dT and dV/dI curves.
Therefore, the agreement of the optical response curve with the dWdT or dV/dI curves cannot be uniquely used as a criterion for determining which response mode it is. In the following the term "bolometric response" means the optical response in the vicinity of the transition temperature which is measured at low bias current, while the response from the junction effect is refered to as the junction-related response.
EXPERIMENTAL PROCEDURES
YBaCuO thin films with a c-axis orientation were prepared by non-vacuum aerosol deposition using the metal j3-diketonates of Y, Ba and Cu as precur- 
Light-power dependence
The responsivity of the detector is one of the most important parameters. show that at low bias current the response is directly proportional to the light power. The responsivity is about 1 V/W for the bolometric mode which is consistent with some reports on vacuum-deposited films 289 . However the data from the junction-related response is much higher than this value. Due to the fact that the responsivity of the junction-related response is strongly dependent on the parameters of the operating point, such as temperature and bias current. Under certain conditions, a responsivity as high as 103 V/W can be found. Fig. 6(a) shows mode. Further evidence for the non-equilibrium character of the observed Junction effect will be given in Ref. 13 .
Bias-current
On the other hand, as a high (in the order of mA1 bias current flows through the bridge, which is being exposed to laser illumination, the bolometric component is inevitablely involved in the junction-related optical response. Probably this response is attributed to a combination of the non-equilibrium and bolometric effects. We believe that the best way to distinguish the non-equilibrium from the bolometric mode is to use an extremely short pulse laser to investigate the performance of the junctionrelated response. This work is in progress.
In conclusion: (1) A sharp optical response peak related to the junction behaviour has been experimentally found in the highly granular film prepared by non-vacuum aerosol deposition. (21 The temperature dependence of both the bolometric and junction-related response agree with that of the dR/dT curve, for the latter the bias-current dependence is also consistent with that of the dV/dI curve. (3) The responsivity of our 10 x 10 pm2 microbridge is in the order of 1 V/W for the bolometric mode, while it will be 2-3 orders higher for the junction-related response.
